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A possibility to constrain axion-like particles from precision atomic physics is considered.
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A possible solution of the strong CP problem led to
introduction of a light pseudoscalar particle called axion
[1–5]. Stable or nearly stable pseudoscalar particles may
also be a part of the dark matter. This has motivated
an extensive search for such particles coming from cos-
mic space and Sun, also a laboratory search for a new
spin-dependent long-range interaction which may be me-
diated by these particles. The limits on the interaction
constants and masses of such particles as well as numer-
ous references are presented, e.g., in the Particle Data
Group issues [6].
The aim of this note is to study a possibility to con-
strain axion-like particles from precision atomic physics
in a way similar to constraints on pseudovector particles
in [7–9].
Being extracted from the measurements of muonium,
hydrogen and deuterium hyperfine structure, that could
produce limits on the axion-like particles complementary
to macroscopic and astrophysical searches as well as to
particle-physics experiments.
To avoid any model dependence, in the results pre-
sented below we do not assume any relations between the
interaction strength and mass of the intermediate pseu-
doscalar particles which have been used to obtain the
limits on the axion models presented in [6]. We also do
not assume that the particles are stable or long-lived (this
is assumed in the astrophysical constrains). All what we
need is that their width is smaller than their mass.
Recently light pseudovector particles were constrained
by studies of hyperfine structure of light atoms. A com-
parison of precision experimental data and an advanced
theory allows to produce efficient constraint on a pseu-
dovector particle with masse below 1 keV/c2 [7–9].
Some of those constraints are summarized in Table I.
The constraint comes from a study of a small exotic
Yukawa-type contribution of interaction of the electron
and nuclear spins
α′′
(
se · sX
)
e−λr
r
(1)
where relativistic units in which ~ = c = 1 are applied.
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Atom X |α′′0 |
Mu µ 7.6× 10−16
H p 1.6× 10−15
D d 8× 10−15
TABLE I: The constraint from the 1s HFS intervals on a
coupling constant α′′ for a pseudovector boson [7, 8]. The
results presented are for limit on the absolute values of the
constant at the one-sigma confidence level for the limit of
small masses (λ ≪ αme ≃ 3.7 keV), which is related to the
Yukawa radius substantially above the Bohr radius a0.
As it was pointed out by P. Fayet [10], in reality an
exchange by a pseudovector particle will include not only
an Yukawa-type potential (1), but also a contact term.
The latter was addressed in [9].
Similar contributions can also come from an axion ex-
change. They are studied in this paper.
The constraint on axion-meditated spin-spin coupling
is
α˜AeX =
α′′
0
(eX)
FA(λ/αme)
, (2)
where the limits on α′′
0
(eX) are presented in Table I.
The profile function FA is
FA(x) = −
1
3
F1(x) + 2Fδ(x) , (3)
where [8]
F1(x) =
(
2
2 + x
)2
(4)
and
Fδ(x) =
4
3x2
. (5)
The first term comes from the Yukawa-type interaction
and the second is from the contact term (cf. [9]).
We note, that for λ≪ αme, which means x≪ 1
F1(x) ≃ 1
Fδ(λ/αme) ≫ 1 , (6)
2and finally we find for small λ
α˜AeX =
3
8
α′′
0
(eX)
λ2
(αme)2
, (7)
The most strong constraint can be set on eµ coupling
via an exchange by an axion-like particle. Combining
the experimental result [11] on the 1s hyperfine interval
in muonium with theory [12] (see also [8, 13] for details
and references) we find (cf. [7, 8])
|α˜Aeµ| ≤
(
2.8× 10−16
) λ2
(3.7 keV)2
. (8)
Similar but weaker constraints can be set on the ep
and en coupling (cf. [8, 9]). For the latter we take into
account that in deuterium
sn ≃
1
2
sd .
We also note that the deuterium constraint is substan-
tially weaker than that for hydrogen, which allows to
neglect the proton contribution and thus we obtain for
the effective ed coupling
α˜Aen = 2α˜Aed . (9)
It is useful to express the effective coupling constant
due to exchange by an axion-like particle in more funda-
mental terms, i.e. in terms of a vertex of emission of such
a particle by d a fermion, which may be parameterize as
xi
mi
v
A〈Ψi|γ5|Ψi〉 , (10)
where i = e, µ, p, n, while A stands for the axion-like field.
Here, v is the vacuum average of the Higgs field from the
standard electroweak theory
v = 246 GeV
and xi are the parameters to constrain.
Combining the parametrization (10) with Eq. (6) we
find
|xexX | = 4pi
v2
λ2
|α˜AeX |
=
3pi
2
α′′
0
(eX)
v2
(αme)2
= 2.0× 1016α′′
0
(eX) , (11)
where the limits on α′′
0
(eX) are presented in Table I. For
the most strong constraint that reads
|xexµ| ≤ 15.6 .
For the accepted axion model the existing limitations
are several orders of magnitude stronger than our con-
straints (see, e.g. [6]). However, the results strongly
depend on a model applied. Our constraint, being model
independent, is complementary to limitations obtained
by other methods.
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